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Program Summary









Borosilicate porous glass - 20 pm (Incom)
Atomic Layer Deposition (ANL)
Al,O5 or MgO - secondary emission
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Small Tile Processing and Assembly System



Small Tile Processing and Assembly System

[1] MCPs scrubbed [2] Photocathode deposition
e -beam removal of contaminates K,CsSb

!
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Small Tile Processing and Assembly System

Detector tiles are processed in the 6¢cm system following these steps

Clean all parts for detector tile
Load indium gasket into sealing chamber

Load Lower Tile Assembly (LTA: tile base, MCP's, spacers, getter strips on
tile fixture)

Scrub MCP's with electron gun

Bake LTA, activate getter strips

Move LTA to sealing chamber, load top window
Photocathode deposition

Move top window to sealing chamber, assemble detector
Press indium gasket to finish detector sealing

Take out finished detector from sealing chamber

»
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Current (?) Sample Set

@JLAB



Small Tile Performance Testing

Most results from Jingbo Wang et al., ANL
Transit Time Spread (TTS)
Position Resolution
Uniformity
Rate Capability
Photon Detection Efficiency

IINon-magnetic devicell

JLAB has sample 28
R. Mendez, Y. Qiang, C. Zor
= Can verify some of ANL results
= Main focus
v Magnetic field sensitivity
v' Radiation Damage (neutrons)
v" Problem - cannot resolve Single
Photoelectron Peak
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JLAB Test Setup



Initial DAQ - 1 6Hz BW, 5 6Gs/s scope

(5—>
ns
—>
E — <«—Db5ns

| ANL 35 GHz, 40 Gs/s |
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Gain Estimates from SPE spectra

ANL Result
Sample 32
SPE specTrum 2600 V

Gain ‘ |___hCharge28

nnn

TLAB Results 2800 v

Sample 28 >
Poor SPE resolution
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Estimated Gain across (length) one readout strip
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PDE - Photon Detection Efficiency

» Use filter wheel system to control intensity

» Use calibrated photodiode (Hamamatsu S2281 - 100 mm?) to
measure photon flux

<+ At single photon level - measure mean #photoelectrons at
several gains for trigger phototube (Hamamatsu R4998) which
has well-resolved single photoelectron spectrum

» Find mean PDE = 20.6% + 1.2% =» consistent with data sheet
(20%)

» Redo with LAPPD sample using estimated gain and mean
photoelectron level =& find estimated PDE ~ 2% =» consistent
with ANL estimates
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Magnetic Field Sensitivity

Place sample in mini-dark box

Need large bore high-field magnet
Plan to test at ANL or UVA medical
center (MRI magnets)

27 x 20 x 19 cm3

HELIOS @ ANL
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Summary - JLAB sample 28

Lab Tests of the LAPPD prototype mini-sample (Oscope DAQ):
» Good clean signals, but poorly resolved single photoelectron spectrum
> PDE is low
» Uniformity behavior consistent with ANL test cases
%+ photocathode nonuniformities?
> Wish list
= TImproved SPE - trade out with new sample?
= Better (safer!) HV connection
= Longer term = alternate readout = pixel matrix?
» Redo some tests with high data-taking rate VME DAQ system
= Extract measure of gain and PDE
= High rate test with dual light sources
<> Low intensity, low rate signal
<> Coupled with very low intensity, variable frequency load
> Priority in short term: Magnetic field test
» Neutron radiation hardness test
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Next Steps in Improvement (ANL)

(1) Resistor HV chain design

(2) Rise time

(3) Timing distribution

(4) After pulses
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Next Samples - Individual Bias Adjustments

Individual bias design

é Photocathode /

HV1

HV2
HV3

HV4
HVS5

Benefits from a new design

= Direct measurement of QE

= HV optimization

= Allow for monitoring of all components
= Lifetime test

=  Study on MCP working principle
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Next Samples - Data Sheets
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Backup Slides



LAPPD Terminology



LAPPD Terminology



Timing Tests Setup



Signal Strip Transmission Speed (JLAB)

Strip Signal transmission speed
178 pm/ps (ANL)
194 ym/ps (JLAB)

Measured at single
photoelectron level




Vertical scan across one readout strip

Physical width
4.72 mm

€ >
5.5 mm

Spot size
2 mm



Estimating the Gain with Poisson Stats
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Gain Estimates from SPE spectra

=

2 x 106



Amplitude variation (horizontal) across one readout strip

Variation of Summed Amplitudes
Lateral Scan of One Strip
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Relative Amplitude
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Resistor chain to individually biased HV

Present Resistor chain design

Limitation of current design

No way to directly measure QE

No way to monitor the internal components

No way to optimize the working HV

Always difficult to resistively match components

The resistor changes during tile processing

Limits our future progress!

Individual bias design

Photocathode
HV1

v —
HV3

v
L awee

Benefits from a new design

= Direct measurement of QE

= HV optimization

= Allow for monitoring of all
components

= Lifetime test

= Study on MCP working principle



Commercial

(<Imm)

(~Omm)

(~1mm)

Signal shape

Design guided by early LAPPD simulations

Main source of rise time:

= Cathode-to-MCP gap

=  MCP pore size

=  MCP-to-Anode gap

Main source of fall time:

= Anode capacitance

= Transmission line impedance

Rise time: ~700 ps
Fall time: ~2.1ns
FWHM: ~14ns

Commercial device: 100-300ps

We need to make the signal faster!




Rise time

Rise time is defined as time interval between 10% to 90% of the amplitude.

Cathode-to-MCP gap has a negligible effect on the rise time. The innitial
electron has a few eV energy. Induce signal from a single electron drifting in
this gap is very small.

MCP pore size is the main source of the rise time. The electrons have various
possible drifting paths, and a radial distribution of the electron swarm causes
the rise time spread.

MCP-to-anode HV has a big effect on the rise time. Electrons emitted from

¢ ) .
the 2"d MCP have a large velocity variation. MCP-to-Anode HV should be high

Pore size should be small | 9t _1 v -1 BW (GHz) = 350
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Electron backscattering

. Laser + Back
Photoelectron travel time: scattering effects

2m.1?
=, |
\ ,/er /

Delay and range of backscattered
photoelectrons: 1.2 ns

t = 2t,sin S d, =2lsin 3

Maximum backscattered time:

(tl)max = 2t0 (dl)max ~ 2
» L (cathode-to-MCP) should be small (to <1mm)




Ion feedback

Ton feedback (a few ns to 100 ns)

= As electron avalanche grows, residual gas can be ionized. If no care is taken, the
ions can gain enough energy from the electrical field, and release secondary
electrons from the MCP wall or the photocathode.

= Ton feed back limits the photocathode lifetime. The ions affect the work
function of the photocathode, and may damage the photocathode.

After pulse problem



Ion feedback suppression

Four ways to suppress the ion feedback:
Better vacuum
Better scrubbing of MCPs
Bigger MCP bias angle.

Protective layer
Kenji Inami, Nagoya University, 2015 MCP workshop at ANL



Ion feedback

We need a better understanding of the residual gas in the tile processing
system, and the outgas species.

We need do a better scrubbing for the MCPs

2m._1°
Ton drifting time: t;, = Uc';” I =2mm,U =180V ??
Delay VS Ion mass Delay VS HV

Individually biased HV design makes it possible to study the ion feedback
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Further Readings on Future Developments

Public Domain Presentations: LAPPD Review - Feb. 2015

1) Tube Performance Optimization - Jingbo Wang

2) Testing of 6 cm Photodetectors - Jingbo Wang

3) ALD on MCPs: Progress and Status - Anil Mane et al.

4) Argonne R&D Program: Photocathode Development - Jungi Xie

5) Argonne R&D program: New Directions in ALD Coatings for MCPs - Jeffrey Elam

6) Argonne R&D program: Technical Work to build a new Photodetector Facility - Lei Xia
7) Photocathode Development for 6 cm Photodetectors - Jungi Xie

8) Production of 6 cm Photodetector in Small Tile Processing System: - Lei Xia

Available for download at https://anl.app.box.com/s/q0s1fs1020i9vltzsucccyZmpdpey3yd



